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Abstract

This report is divided into thrse parts. The first describes the
techniques which were used on ATLANTIS Cruise 18l to measure the oversli
current pasttern of the EBastern Cayman sgi; Of particular interest was
the evtensive use of fres floating drogues and anchored buoys to measure
subsurface currents., The specific gear, from wire qlampa to aviator'a
parachutes, is shown. ‘A modification of the Pritchard current cross
for use from a drifting ship is described,

The mecond part deals with the current picture as we found it. A
significant feature of the pattern is the unexpectedly largs Zsstward
trensport between Jamaica and Cuba, which turned south and ran ount
through Navassa Isiand Passage. Of equal importance was the fact that
the current ran upwind for = pericd of mors than a week before dis-
integrating. Various possible mechanisms which might produce such a
transport are discussed,

The third part describes miscellaneous relatsd observations made

during the cruise.
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CURRERT STUDISS OF THE CAYMAN SEA
Introductionrn

The original purpose of the ATLANTIS Cruise 18l was to test and com-
pare saveral ‘aacimiqu& for mesasuring currents in thw ocean. The area
ckosen, was the body of water between Jamaica and Cnba (Figs. 1 and 2),
partly because of the low wind and swell, and also because the area
had been previcusly studied by the ATLANTIS in 1533-34. The current
structure as inferred from dynanic topography had been worked out by
Parr (1936), and it had been studied by Dietrick (1939). In accordance
with Parrt's terminology, this area has been called the Eastern Cayman

Sea,

The purpose of the cruise was greatly modified soon after the
progrza began because tha supposedly weak current to the west wees flowing
to the east at more than = knot. Much of the times was spsnt in attempting
to verify and explore this unexpected current, and to see what might
have causedit. For thesc reasons not all of the available instrumental
methods were tested while some, like the Geomagneticziectrokinetograph (GEEK),
were used much more thon we had anticipatad..

For c&nvanience thisz report is written in three parts. The fi:pat
explains the techniques used in measvring currents. The second describes
the current structure of the Eastern Cayman Sea as found by the ATLANTIS

Cruise 18).1_._, The third part describes some additional miscellaneous

measurements,
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The scientific party consisted ofs

Mr, A. C, Vine Oceanographer
Mr, R, F. Wyrick Physicist
Mr. G, K, Volkmann Oceanographex
- Mr. A, L. Bradshaw Physicist
Dr. J. W. Kanwisher Physicist
Dr. R, H. Backus Ichthyologist
Mr. J. Chase Meteorologist
Mr. D. M, Owen Photozrapher

It.(3g) J. Knauss Oceanographer ((Gsophy=ics Branch, ORR)

The authors are greatly indebted to the other members of the scientific
party for their very great assistance in the current measuring program., Each
was a prime source of help and information in his field and contributed in
large measure to the success of the trip.

The scientific party was indebted to Captain Pike of the ATLANTIS and
his officers and men for their excellent cooperation.

Numercus officers and men at the Guantanamo Bay Navy Gase were most help-
ful on logistics and also on furnishing information about local currents,

We particularly wish to acknowledge the helpful cooperation of the
U.S.S. ARCADIA (AD-23) in transporting much of the scientific equipment from
Cuantanamo Bay back to Newport NNaval Bass,

Narrative of Cruise
On the 17th of March the Windward Passage was approached from the north-
east after caming south through the Turks Island Passage. Going west, a run
was made somewhat north of the pass'age and then the course was nearly doubled
back to make a run across the narrowest part, betweer Cape Maysi on Cuba,
and Cape St. Nicholas Mole on Haiti., It was here that we started what was
later to become the proceedure mosi used throughout the rest of the trip,

namely the use of BT's, GEK, and drift btottles when running, and the uss of
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drogrss and sea anchors when on station.

The 18th was spent in the .middle of the bassage practicing the techniques
associated with putting over drogue buoys. A number of buoys were released
and followsd until dark. Early on the 19th, ‘he run was made into Guartansmo
Bay, Cuba. The necessary logistic support was '“‘ﬁiatély avallsvle and
the AYLANTIS departed @n the evening of the 20th,

A number of buoys were set >C milss soulh of Cuantanamo Bay on the st
including one successfully anchored in over 200C fathoms where a curreat of
over a knct to the south was found, It was impressive to see the water
boiling around a buoy anchored in 2 miles of water. An attempt to obtain the
vertical distribution of the current by a lowering of the large ssa anchor on
the trawl winch was made. Tre o0ld cenvas gave way and no significant rssidltis
were obtained., The 23rd was spent echo sounding to the scuthwest of
Cuantanamo. This gave the scientific party a chance to diascuss the conrsa
of action to be followed in view of the unexpected stisngth and southerly
set of the current. - It was decid=d to make a survey of the surface currents

tween Jamaica and Cuba,

The measurements shoged a ctrong easterly set with a slight southerly
component. On the 28th, a series of buoys was set and followed in sight
of Cuba so that land fixes could be made., TFluorescein dye was alsc used
in an effort to study the behavior of the surface layer. Al Uhis poin® it
wag decided that a quick survey of the wnole area should be made with the
GEK, and following a brief pause in Guantanamo Bay, 900 foot BT sections
were made across the Windward Passage, the Gulf of Gonave, and Navassa Island
Passage with a stop near Nawassa Island to occupy another buoy ctation.

Strong southerly currents prevailed there, Another buoy station was made
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E toward the center of the area described above,' and more soundings were taken
closer to Jamaica, after which the ATLANTIS put into Kingston, Jamaica to

spend Easter weekend,
The 7th found the ATLANTIS at sea again meking & hydrographic station

e

profile from Jamaica to Cuba. The following day mcre buoy work was done

o
S ) Y

I ¢ in the area west of Santiago where such work had been done before. On the
§ 9th the ATLANTIS again went into Guantanamo Bay o unioad most of the

scientific crew and equipment. Mr. Bradshaw rode the ship from Guantanamo

e

o San Juan in order to make more current measurements with the GEK near

Navassa Island.
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PART I
INSTRUMENTATION AND TECHNIQUES

Free Floating Drogues

Free floating drogues were employed extensively during the trip %o
measure surface and subsurface currents. These consistod of a drogue )
attached to a surface float by a given lemngth of plano wire, The float
was rigged with a mast from which brightly colored flags were flown.

Two types of drogues were used, 'One type was a 2 foot aviator's
parachute. The other was s 3 x L foot sheet of tin bent along the longer
dimensions to form a 120° .angle (see Fig. 3a). Previous and subsequent
tests showed that these tins drag stably through the water at speeds up
to about 3 knots. A rough measurement showed that it had a drag coefficient
of about 1.2. They were considersbly easier and safer to handle over the
side than Pritchard's four wing crosses (Pritchard and Bart, 1951), being
flatter and having only four instead of eight sharp corners. The safety
could have been furtﬁer improved by rounding the corners., Their ability
to nest in stowage wés of great value and a decided safety factor.

The ideal free floating drogue would be one in which the surface
floats and the connecting wire have no resistances in the water, so thai
the surface float would then be dragged through the water at the same
speed as the cubsurface current in which the drogue lies, This ideal is
spproached by using wire and surface flosts with as smsll a cross sectional
ares s possible. The wire used was ,0L0 inch music wire. (100 meters of

the wire present a croes sectional area of 1,1 square feet to the current.)
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The flocat consisted of z partially inflated meteorological balloon inside |
two cloth sacks which' prevented chafing against the pole. Wnile gunny sacks |
were used mosi of the time, a few more tightly woven sacks were awvailable, ’
and were much better. The pole mast was of bamboo about 15 to 25 fest long.
One or two high visibility ﬂiags of red and yellow sloth were used to improve
visual datection. The balloon floata were lashed sbout half-wsy wp the pole
and the weight of the mntlc wire and drogue attached to the bottom of the

pole kept it upright (see Fi'g. 3b), If it was plammed to track the floats

for a long time a radsr raflector and/or light would be attached to the tap
of the pole. Unfortunately, the ATLANTIS radar was riot performing well

enough to make the radar targets worthwhile,

For n2asurements of currents at depths gresater than two hundrad msteis,
2L foot aviator's parachutes were used as drogues, These parachutes had a

drag area of about 30 squuare meters which was large compared to the area of
the suspending float and wirs, and hence, more nearly approached the ideal.

At first soms trouble was ancountered in getting the ‘parachute over

the side in the prosence of wind;, and in getting it set properly. The .

method finally evolved was to attach a weight of some 20 to 60 pounds where
the drogue wire and t.ﬁe parac'hutle harness met, and %o lower this weight over
the side first. The parachute was previc:sly stretched out fuil isngth and
Ui was passed over iLiw side Detween the iingers oI someone leaning over
the rail as far as practical. In this way the parachute wss unsble to open
until it was in the water, A logical variation of this method would be to
have the parachute packed in a rubber hose some L inches I.D. and 15 feet
long. With such a system, the harness end of the hose could be lowered into

the water first and the wind would not have an opportunity to catch the para-

chute,
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Recovering Drogues

The bucys and tin drogues were not expensive snd were considered
exprendable, They were not a hazard to navigation and it was thought that
there was a chancs that we miéht run across them during a later part of
the trip and thus gain déta integrated ovér a longer period of time,
Unfortunately no droguss were found after they hed been abandoned,

Even though the parachutes were fram over-age supply; (over-age
parachutes can be purchased for less than twenty-five dollars apiece)
attempts were made to recdfér them. A second larger float was rigged with
a snatch block suspended beneath it. The first float attached to the
parachute was then recovsred and replaced on the upper end of the droguse
wire by a heavy weight. ' The wire was then led through the snatch block,
and the new flost and weight thrown overvoard, Thne heavier woight
exerted & steady pull on the parachute and brought it from 700 meters to
the surface (Fig. La) in a matter of 4O mimtes, The larger drag area
of the parachute kept it away from the weight and thus prevented tangling.
The pole and flag of the new float made it easy to locate again,

Since the parachute remained set even when it was at the surface,
it was quite a problem to bring it aboard even in calm weather. To
improve the abilily to recover in heavy weather a system to spill the
parachute was devised as follows: The liner from the periphery of‘thr
parachute divide it into two halves and come to two separate rings;

50 foob menilla leaders were attached to each ring, and thence to the

bottom of the wire. When the new float was hauled aboard the music wire

was cut and allowed to sink so that no wire with strain on it was ever held
by hand, the strain of the parachute now being held by the Jeaders. Thc para-

chute spilled as soon as the leader was cut and could easily be hauled aboard.
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Parachute Drogue and Suspended Sea Anchor
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e .OLO inch rmsie wire used was purchased in 25,000 foot coils,
placed on a tapered drum, and wound onto a reel with a brake attached.
Althdugh muesic wire can be obtained commercially on reels, we did not
know this until after we had obtained ours in 100 pound coils, After
ssveral trisls and a2 visit tc the factory we were able tc rewind the
wire from the coils tov the reels, Since the coil fits more or leas
loosely even cn a proper sized drum, and therefors does not uncoil
smoothly, an elastic shock cord take-up wes rigged, and the coil could
be umwound 2t a speed up to about 8 feet per second, (Fig. 5a)., OUnce
on the brake-eguipped reel it could be paid out over a meter wheel in
closely controllable lengths and at moderately contrellabls tensions,
(Fig. Sb). In the future we would purchase wire on drums.

A word of caution on the use of music wire seems indicated. If
even moderate amounts are to be used, improper equipment will make it
extremely dangerous, and nearly impossible to use. If one is going to
buy music wire in colils, a proper sized tapered drum is an impoi‘tant part
of the equipment. Furthermore, muaic wire is sasily rusted and this makes
it hard to handle. Since it is difficunlt te hold on to when there is
tension, it was held with the brake on the reel and a wire clamp attached
outboard of the meter-wheel (Fig. 5c). The rest of the rig was then
hooked to a bail on the clamp and the entire ;'ig was relsased by cutting
the wire betwsen the meter-wheel and the clamp.

The problem of securing and taking tension at the end of the piano
wire has received considerable attention by many users in the past.

Methods and reports described by the Coast and Qeodetic Survey in their
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Hydrographic Manual (Adams, i42) were studied, and whils ihsy wers trisd,
we evolved two other methode which ware finally used. These fastening
methods are shown in figures Sc and 3c. The metal clamp shown in figure Sc
could be mounted on the wire before the wire was cut, and the four Allen
screwe could be tightened in less than haif » minute. This feature was of
great valus when the lins tension was high and increasing rapidly. Another
importani feature of this clamp is that the center of the becket is very
nearly in line with the wire to prevent bending of the wire,

Becasuse of a temporary chortage of metal clamps the marnila loop shown
in figure 3c was evolved, The line where it came into contact with the wire
was thoroughly wound with friction tape and no appreciable chafing was
obsefved during the tests, It proved to be a very effective attachment and
was used on whichever end of the wire went overboard first.

Since it was desired to keep the tension on the wire to a minimum when
handling it, and also to pay ocut wire at a reasonably fast spesd, the floats
for all drags over 500 meters were put over first. The ship then steamed
away paying out wire oveyr the starboard side to within 200 meters of the
desired length, at which point the ship was turned 20° or more to the right
and stopped. The wire clamp was then put on, the drogue was thrown over-
board and allowed to sink at its lsisure. This technique proved particularly
useful in lowering the parachute drogues and anchored bduoys.

Drogues and floats were rigged as needed. The material used was
inexpensive; bamboo poles, meteorological balloons, gunny sacks, parachutes,
anc bent sheet tin are all reasonably compact and easily stowed, so that
even a small vessel can carry the makings of one or two hundred such free

floating drogues.

D i A ) s

Bakas el @ PR

1}
e b

L] ‘ -

i
K

e A - M — S e il M—me e re— e -
pe=mr




b

IS

PatanTablan AP MNuwvwand Pusce NTmasnals -
oW B Wb WS W WG A WALY e VA AA VA W & DL

The drogues and buoys were designed to hold their position as well as
posaible with respect to the water at drogué depth, By dropping several
broys at the same time, with drogues auspentied at various depths, it is
possible to observe the relative motion and hencée the relative velocity. at
various depths. Howsver, to know the absolute velocity. it is necessary to

know the absolute change in pssition of, one of the b\;ioys and it is alwvays

best to consider the abfolu’te velocity of the slowsst cne as the most critical

one, Except when warking close enough to shore to obtain terrwetial sights,
this meant depending on celestial navigation, LORAN, or an anchored buoy

for position. The latter was used when out ol sight of land.

As mentioned before, a very real problem in measuring subsurface currents

in this wsy im to comnansate properly for the drag on the moy and the wire,

This is important bscavse in the usual case the suvbsurface current is amaller

in magnitude than the surface curwent.

The drag on a submerged body in the water can be expressed as

F = % Cp pAv? (1)

where

= non-dimensional coefficient of drag (we used }.-2)

Cp

F Qsasity ol waler {approx., 2 sl“uga/cu.:ft. in the Baglish sysiem)

A = cross sectional area of that part of the body in water 1
v = velocity of water relative to the body

If ons considers a surface buoy and a deep drogue and neglects the drag of

the cable Jjoining them ona can equate the horizontal forces acting at the top
and bottom of the wire resulting in:
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s = cross sectional aresa of the flost
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Ay = cross secticnal area of the drogue

Cp = drag coefficient of the float

Bt vt - -‘-i)Tl
»

Cq = Jrag coefficient of the drogue
Vg = velocity of the water at the surface

V4 = velocity of the drogue

| V., = velocity of the water at drogue depth

b i, i S S bk

The simplificatioh that the wire drag is negligible can be replaced in

the two layer csae by assuming that A, represents the area of the float plus

FUPSPPSpT S

the area of the wire in the upper layer vhile A; represents the sum of the
area of the drogue plus the area of the wire in the lower layer. This approxi- ' !

ot = - { I

mation does not seem to be too bad as the drag coefficient for ths {loatse,

i

| drogues and wirs all seem to be reasonsbly clcss ic 1.2 for the Reynold's

1 numbers involved, i
| !

Vo= Vo - (g -Ta) /352 (3) { -
e y Adud |

drogue and a deep drogue (Ve - V4) then the trne difference of water

velocity (¥, - Vi) at the tio depths is :

! Ty =Ty =¥, (14 /%df%i (b) .

This equation can be further applied if one thinks of the float and l

drag as being replaced by equivalent discs of radius r and R and if one

| aszsumes that tha drag coefficient of the float and of the drag are squal,
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The metal drogues =t depth generally were ballasted with 20 to 4O pounds
in addition to their 15 pound weight. This was not deemed necessary for
shallow drogues on =small floats. Eaperiments made in a flume showed that for
angles ilrom the vertical of less than h5°, there was no serious reduction in
t‘ne'total drag of the drogue due to the planing action of the drogus. The
reason advanced for this is that the addition of 4hs skin friction drag com-

pensates for any loss in effective cross sectional area and form drag.

Bottom Release Floats

Another type of float was used to maks an integrated measurement of the
currsnt in a vertical section as opposed to the drag type which measures
current at a specific depth. This float (Fig. 6a) was set over the side with
2 detachable weight sx;fficie'mt to sinik it, and when it reached ths boticm the
weight was released, and thé float with its pole and marker flag rose to the
surface, Ths ballast was held by a ring which hung on a sloping pin, When
the ballast struck bottom t;he overshoot of the float would rasult in a
slackening of the ballast line and a preloaded flat spring threw thc ring
and hence balilast clear. The ﬂﬁats were based on.earlier work done by
Ewing and Vine (1938). In order to reduce the firs hazard aboard ship,

e pravity of 0.91 was used in the floats instead
of aviation gasoline having its specific gravity of 0.72. ‘i‘he reduced
buoyancy of the paraffin was somewhat offset by nct réequiring the added
weight of a tight case.

The proper procedure was to release the float or floats near an

anchored or surface float, and then stand by the surface floet and nota thae
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range and bearing st which the release flcat surfaced. These numbers couplsd
with the time which the buoy was down will give the veleocity of the relative
current averaged over the depth reached., These flcats were very useful in

making a quick qualitative determination of vertical shear.

When relsase floats were used it was customary to sct ons with a soluble

salt release device so it would be down for about 20 minutes, and ancther

g o

that would go to the boitom:bafore it released: The latter took somewhat over
an hour for the round trip in 2000 fathoms. Time did not permit e= much use

of these floats as had been hoped for. '

Anchored Floats

An anchored float (Fig. 6b) was used several times on the cruise with
warvine degrees of success, The buoy itself wsz a scmewhat more rugged
vsraion of the buoy used in the free flcating drogue work., It was anchored to
the bottom by means of .056 inch piano wire using about 75 pounds of scrap iron
and a twenty pound stock anchor modified slightly by ths addition of laxper
flukes. In practice, the anchored buoy was dropped first, then surface and
subsurface drogues wre. released next to the anchor buoy.
The accuracy of trajectory measurements made of suirface and subsurface ’
drogues from an anchor buoy is dependent upon the yaw of the anchiored buoy,
and hence, orn the scope of the wire, One can estimate the probable yaw of
the anchored buoy and concliusions irom ine observations snould ncv be made
until the free floating drogues have drifited considerably further than this :
yaw, 1t is obviously important to have the anchored buoy reach an equilibrium

position after being laid before accurate trajectory measurements can be made

from it.




Most of the work had been planned around anchered buovs, but in actual {

practice they were only used four times=., The reason was thet ths currents =

v
T T g I W MR Ry SO e
»

i

|

i ) encountered were so large that a scope of 1.} times water depth was required
1

|

in order that the float would not be pulled under, It was, therefore,

e

e e

i

| theoreticelly possible in two miles of water and in the presence of shifting i ¢
; ¢
currents for the surfaced buoy to be anywhsie within a circle H

ly miles in diameter. In actual practice the control was much better than this.

e

For example, if the current remains at about the same strength and in about

-

PRI

' the same direction, the surface buoy will remain in a given sector from, and

: about at the same range, from, the anchor. This could be easily checked i

pericdically by releasing a release fioat, This meant that an experiment had

to run for some time to obtain high precision, and unfortunately; the ATLANTIS

.

was not fast enough to kéep herd over a growp uf free buoys and stlll keep

returning to the anchored buoys.

Flag Codes
i Much of the time several different kinds of buoys were being followed at -
i once. In order to keep track of the buoys with a minimum of confusion, it i
‘ was essential to have a different flag combination on each buqy. In addition, y i
| it was desired to keep the flags as small as possible to reduce windage. The |
flags chosen were a special yeliow and red cloth* ¢f exceedingly bright hue
and disting‘aiéhabla . —Gm &ach other al sboul 75% of maximum visipility. Tne

fiag compinations used are shown in Fig, 7. BEach type of buoy had one dis- -

tinguishable feature to identify its class. The authors sircngly advise that

all reasonable aids tc identification should be smployed in any buoy tests.

o Ty P
/

n: #* Sold— by M. Hausman and Sons of New York.
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Seyeral sttempts were made to see if there was anv small scale streakiness <
or convergence in ths surface currents by using fluorescein dye murker.

Attempts were also made to see if there was any appreciable current shear in

the top ten meters by using dye marker next to "surface" drogues.

In three cases there was np observable shear in the surface 10 meters, i}-
and it was believed we could have deiecied a shear as great as .0ii knots.
In a fourth case a shear in the surface 10 msters of 0.2 knots was observed-
‘ In a prevailing southerly current the water at 10 meters was moving south i
faster than the surface water. This was in presence of a Force 3 easterly |

wind, i |
In no case was extreme streakiness apparent. In only one casz did the

dye spot become as long as three times its width. Experience has led us to )

make a number of comments concerning the use of i_ rescein dye,

First: It is absolutely insidious in its ability to permeate !

clothes and the ship. The utmost care in handling it as

| a powder is eazsential, As a liquid it becomes only a
slightly less dangerous as a corrupter of ship's morale.

In practice, we put a map over the side on the' hydro=-

| graphic platform where he would put several pounds of
| powder into a 10 gallon plastic bottle,
Scconds The useful 1ife of the dye for experimental work seemed
to be limited to about an horr. 3

Third: The particular dys used did not seem to stay at the surface; &

hence: ghear in the top one or two meters is rather cifficult

RS,

to measure.

# This dye is available from the New York Color and Chemical Co., Be leville, 3
New Jersey, at about $3.00 per pound.

|
|
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The GEK has been described by its inventor, von Arx (1950). The principle
of the GEK is based un the facl that salt water moving through the sarthis
magnetic field will set up potential differences within itself, Various
relationships between ocean currents and the electrical potential measured
by the GEX have been discussed by Stormel (1948), and Malkus and Stern (1953).
Tt is the belief of Knauss, who has made extensive measurements with the
instrument on the West Coast, that in deep water the GEK measures surface
currents correctly, : ndax Flu‘zst circumstances, to within twenty per cent., Con-
ditions which give spurious results on the GEK, (surface currents which extend to
a siznificant fraction of the depth of the water, reversels of current with
depth, or strong horizontal current gradients) were not often encountered,

GEK observations were froéﬁently checked with other means of measuring and
estimating surface currents.

For comparison purposes, the GEK was used both with and without floats.
When floats were not u@d, a correction was made for the fact that the cable
was not towing horizontally. It was assumed that with a ship's speed of
seven and a half knots that the far electrode was towing six and a half meters
deeper than the near electrods. s figurs was arrived at on ths basis of
measurements made on the Shellback Expadition of the Scripps Institution of
Oceanography, (WOoster'_. 1952). No systematic difference could be found in the
GEK measurements made when the GEK was towed with floats, or when towed with-
out floats, and the correction for "cable droop" applied.

One reason for not using flcats on the GEX cable isA because if there is
a heavy wind, .it might be sxpected that floatzs and cable would be affected
by windage. If this happened a calculation of the current would include as a
systematic error, a false current whose direstion is the same as the wind and

whose magnitude is proportional to the windage.




| g ORK LIST
| ! _ o _ L
o Station No. Dats Time True Current
L) 1953 Velocity Direction
! , cm/sec degrees
oo 1 17 March 1040 €0 093
: 2 1300 37 033
] 3 11500 16 321
L 1600 33 279
| 5 1700 23 327
5 180C S7 275
. 7 19500 a 25k
oo 8 23 March 08L5 U 060
9 1015 25 oL3
: 10 115 11 020
1 1315 af 294
12 145 002
= 13 1615 16 337
: 1 1930 35 085
15 2100 - 23" 068
16 2230 35 033
17 2400 23 oL3
| 18 2} March 0130 3 067
. 19 0300 33 073
20 0430 Lo 080
1 21 0600 32 105
, a2 0730 27 131
! 33 0900 38 111
24 ' 1020 2 137
| 25 1200 v 13
it 26 1330 33 161
' 27 1500 38 109
28 1630 35 070
29 1800 L5 ‘057
30 1930 38 020
- 31 2100 22 059
j 32 2230 22 088
33 2400 33 112
al 25 March 0100 34 9L
ac oo 32 o7
¥ 2300 70 112
37 26 March 0030 70 113
3 0200 55 126
39 0330 i 138
Lo 0500 60 12
la 0430 63 1h2
L2 28 March 1230 22 183
i u3 13L5 66 148
: LY 1530 Ly 171
L5 1930 6 175
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[+ GEK L1ST
| = | ( continued)
[t <l .
i Station No. Date Time True Current '
! Velocity Direction
; cm/sec dagrees
; L6 29 Harch 0600 65 170
L7 0730 53 159 PSS
48 0900 56 140 - b
50 . 1200 L5 198
51 2300 15 347
52 30 March 0030 a7 326
53 0106 28 325
‘ sk 0306 32 322
55 0h430 17 oL5
? 56 0600 29 12k
: 57 0730 L9 109
E 58 0900 11 105
, 59 0930 11 195
60 1030 16 289
| = 61 1200 h 285
| 62 1330 32 205
: 63 1455 23 185
| - 6L 1600 2l 161 |
| 65 1730 hly 20k
66 2008 16 2l3
67 2135 35 248
o 63 2300 - 38 016
' 69 31 March 0030 Lo o9k ,
| 70 0200 A 132 i
| T 0330 21 082 i
72 0500 32 159 l
73 0625 70 150 - )
74 0830 83 175 :
! 75 2000 53 155 !
76 2130 a W6 -
77 2300 L3 20k
78 "1 April 0130 i 223 =
79 200 32 zeT :
80 0330 15 s
81 0500 23 278
82 0640 26 199
. 83 1200 20 190
8l 1330 20 168
85 1800 21 182 '
6 1630 17 225 1
87 1800 15 321 |
88 1930 16 292
89 2 April 2200 po i 106

90 2330 11 206
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| % (Continued) <
| Station No. Date Time ~True Current {
L 1953 Valocity Direction i
! : cm/sec degrees
: 21 3 April 0100 35 155 . sl
- 92 0235 1k 267 P
g 93 oLoc 12 150 ]
"» ol 0500 8 130 ,
95 : 0730 N 105
' 96 6500 3k 279
97 1100 3l 333
98 1300 25 232 i
99 6 April 1930 82 295 {
100 2115 89 220 i
s 101 2300 52 263 '
: 102 7 April 0025 3% 072 i
103 0615 11 161 :
: 104 0750 9 031
; 105 o9L5 11 34h i
| 106 1310 50 352 .
el 107 1430 50 32 1
| 105, 1530 6l 299
; 109 1930 56 288 -
1' 110 2110 L6 295
111 2200 -~ XNo duta =
: 112 225 - No data - }
il 113 8 april 0230 ] 272
g 11k C330 2 300
' 115 oh30 36 068
116 2200 - Yo data -
117 2330 - No data - _
118 9 April 0100 29 088 i
| 119 0230 80 08l !
120 0400 ol 093 3
i 121 obks 2 095
! 122 (2200) 17 288
|
1 11 April 2100 21 25) i
2! 12 April 0050 13 131 3
3 0215 2L 257
bt 0530 60 178
5t 0910 Lo 040
6! 1115 37 22), N
7 1315 105 199
8 1650 88 19
91 1900 L9 308
Co 10* 13 April 0130 L7 350
| 11 i april 233 - No data - .
b 12? 15 April 0230 30 121

| 13! 0600 2 031 i
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On several occasions when the wind was Force L or greater, the cable was

chenged from one with floats to one without floats, and successive GEK's were

compared, Since no two GEK's taken an hour apart can be expected to agreb !
absolutely, this mathod of checking is rot, ider”.. However, no systematic
difference was apparent, and it iz tentatively concluded that windage is not js

(38

an important factor with fioated GEK cables. : | i

Suspended Sea Anchor

Pritchard and Burt (1951) have described a method of computing the
velocity structure from meamnl'ements of the vertical and h_o_ri,'zontal angles
subtgnded_ by a weighted sea anchor lowered to various depths from an anchored . - |
ship. They have used this mefghod extensively in water depths up to 100 f‘aét
deep, With water this shallow, the effsct of wire curvature and the drag and
weight of the wire are small enough so that they may be neglected. This
means that the vertical gngle made by the wire is determined entirely by the

forces acting on the sea anchor.
tan § = F/W (5)

vhere @ is the angle from the vertical, W is the weight of the sea anchor in
water, and F is the horisontal force on the sea enchor caused by the flow of

water by 1t.

F=3 Cp P Av2 (6)‘
Cp is the drag coefficient, f, the density of_ water, A, the cross sectional
area, and v, the velocity of water. |

An attompt was made on this cruise to use this mothod from a floating

ship to measure vertical shear, When this is done, the velocity in Eq. (6)

K
¢ e - = -— -
(i,
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+the relative

of the sea anchor.

The interpretation of such measurements involves several assumptions.
In the first place, the rate of drift of the ship is in general not identical
with the surface velocity. This has been'allovec,i for by rather arbitrarily
saving that the surface velccity 1is const,nt to é depth of 10 meters, and

that any apparent current shown by the sea anchor at this depth is zaused by
windage on the ship.

Another problem is that below a cartain depth (in our case we estimated

100 meters), it is no longer possible to assume that the area of the wire is

a negligible factor. It is necessary to correct for both the curvature of the

wire and the forces acting on the wire. The technique is complicated bét no

more so than many problems involving step by step integration.

For example: We can usually measure the relative velocity structure

to a depth of 100 meters without applying any correction for the wire, For

the observation at a greater depth, say 125 meters, we ‘can solve for the

cu‘mtufe and forces acting on the wire, since we have previously measured

the velocity to 100 meters. And finally, we may soclve for the new unknown,

the velocity at 125 meters. Then, with this velocity inown, we can now

solve for the velocity at the sea anchor when it is lowered to 150 meters,

and sa on,

Tha sntvael aremntatisane in this atearnmsise intacorastion area fatirlv
S IO IO S AN e aeeTIY; ) Eni. g aramains INT.ac on, Are LAalRix

simple and require about an hour!'s calculation for a series of ten or twelve
depths.

The sea anchor which was used was a standard three foot diameter canvas
sea anchor, with the suspenaion wire attached to the top of the opering and
the weight attached to the bottom of the opening with a horizontal spreader
holding it open sideways (Fig. Lb). The amount of weight attached
was determined ty the shear that
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wag expected and was nsuallwy shount 60 pounds

Tor -
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was 1owerod frum e hydro-
i graphic winch on 3/16 inch wire. ' )
In some recpects this method of measuring current shear was very

| successful. For example, when the vertical shear was negligible there was

no quicker way of finding it out. The precision possible with a given wire

o

and sea anchor will fall off with depth. For the combination used, it was

1
3
i

believed to be accurate down to 300 meters to 0,1 knot, or LOZ of the total

Laidd

{ shear, whichever 1s greater. | |
One reason this method was not more accurate was that there was a

: systematic difference in readings ::de at the same depths wihen the sea anchor
was being retrieved and when it ‘was being lowered. Readings made while
retrieving the ses anchor were consistently higher than those made while
lowering (Fig. 8). It was not a question of waiting for the suspended
anchor to reach equilibrimm. On occasion. a wait of a half hour to forty five -
mirutes was made and stiil the difference persisted. Tuis iuconsistency had
also been observed earlier by Vine., We have no explanation for this

| systematic hysteresis loop, either in terms of hydrodynamics, operational

errors, or omissions,

segaiitiad b %
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PART II

As mentioned in Part I, the o;iginal purpose of this cruise was to
test and compare diffefent techniqﬁou for measuring currents in the cpen
ocean, However, almost immediately it was discovered that the current
system was so different from what had originally bcen reported for this
area, that the emphasis oflthe cruise was changed from one of comparing

techniques to that of deciding what was happening.

Current Structure 17 March - 1 April

Available information for this area, (Parr, 1936, Dietrick, 1939)
suggest s wezk surrent strusturs with general flow to the west, (Fig. 19).
This was not what was found. What was observed during the first half of
the cruise cen be seen from figure 9., There was a strong e¢oherent surface
current of about a knot runniig eastward between Jamaica and Cuba, then
turning, picking up spéed, and rushing south through the area betwsen
Haiti and Jamaica. Furthermore, this was not just a surface curremt. Sub-
surface currents were measured by free floating drogues at two st=tions A
and B shown in figure 9, and are rlotted in figures 10 and 11, The
calculation for these figures are given in the next two sections.

1n aaaition current profiles were measured by means of the suspended
sea anchor at both station A and B. Plots of the angles subtended by the
wire are shown in figure 8. Estimates of the shear shown by these measure-
ments tended to verify the observaticns of subsurface currerts made by
the sibsurface drogues.

‘Tne GEX sections of figure 9 and the vertical velocity profiles of

figures 10 and 11 indicated that there was a considerable transport of water
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Transport Computations for Navassa Island Passage

On the 31st of March a series of current measurements were made at
station B (Fig. 9) ne& Navassa Islanc with four surface and subsurface
drogues. Pertinent features of the experimental data are given in the e
table below. The drogue area and weight of the first thres was 12 sq. ft.

and 35 pounds. ‘The 500 meter drogue had an arca and weight of 450 sq. ft.

and 70 pounds,

Table T
Drogue Depth Trajectory i
S nmeters 2.2 miles in 121 min., or 1.1 knot 1i75° T

L.5 miles in 237 min, or 1.1 knot 1B81° T
100 meters 2.7 miles in 132 min. or 1.2 knot 172° T
4 miles in 215 min. or 1.l knot 178° T

200 metere 2,15 miles in 10k min., or 1.2 knot 1780 T
4.5 miles in 232 min. or 1.2 knot 176° T

500 meters .85 miles in 95 min., or .65 knot 178° T £

1.84 miles in 17k min. or .6L knot 183° T

The drift of the buoys was vary well determined because we were opsrating
to the west of Navassa Island and had excellent sighis on Navasss iight house
essentially at right angles to the buoy set. As the 100, and 200 meter drogues
gave essentially the same current as the 5 meter droguej there were no
corrections to be applied to them. However, the drogue at Y00 meters was only

moving over the bottom at 55% of the velocity of the surface float so a con-

adde

sideratie nogative correction nesds to be applied.
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The cross sectional aree of the wire is about 1 s3g. f£t. per 100 meters
of wire. So if we assums half the wire to be in the upper zone and half to

be in the lower zone the effective areas of the float. and drogue should be

increased from 2 s3. £t. and 24 Bq. ft, to S and 27 sq. ft. respectively.

Then using Bquation (5)

e = Va-(Vg-Vy 44t

ad

6 = (1.2 - 0,6) 4/ .257

N
.

Table IT
Depth Corrected Drift
meters knota
5 1.1
100 1.2
200 1.2
500 .35

The values in Table II are plotted in figure 11 and a calculaiion was
iiade of the transport through a unit kilometer of channel. For the upper
250 meters:

T osso - +60 X 250 x 1000 = .15 x 10° cubic meters/sec/km
Betwsen the 250 and 500 meter haul
£
> \ &/ =4
T250-500 = .37 x 250 x 1000 » ,091 x 10° cubic msters/sec/km
Togoo = (15 + 091) x 106 « .2k x 205 cubic meters/sec/im
The surface current values indicated by the (EK were used as a guide in

estimating the tiransport through the entire channel,
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Transport compniation were made between GEX station 70 and 79 in figure 9

which is roughly line NO in figure 2, The southerly components of the GEK

values perpendicular to the ship's track were camputed to bs somewhat over
35 cm/sec (0.7 knots), Although the channel is about 200 km wide at the
surface, we considered the portion over which we made measurements and which
wag affectively 500 meters deepg this wms 3LO ¥m,

It should be noted that GEK observations 74 and 75 made just before and
after the drogue measurements show a difference of two thirds of a knot and
an average veloclity scmowhat 'grea'ber- than that measured by the surface
drogue, However, the sea anchor mezsursments made at the time of the drogue
observations showed an increase in the velocity down to 50 meters corresponding
to an abaolute velocity of 1.6 knots or approximately that shown by GEK Th.
This would seem to indicate that the welocity profile plotted in figure 11,
which is taken entirely from drogue measurememts, could be considsred a
minimm value profile. We compute the southerly transport by assuming that
the ratio of average iransport to that measured, is ih the same proportion
as the ratio of average southerly component of GEK velocity to that of the
surface velocity measured by the surface dfoguea.

TO—250 - %g x ,15 x 106 x 10 = 13 x 10% cu msters/sec

- 35 6 - é
TO-EOG = x .2k x 10° x 140 = 21 x 10° cu meters/sec

Dynemic computations assuming a perfect temperature-salinity correlation
were made from the BT profils of the Navassa Island Passage (Fig. 13). The
slope of the isotherms was most pronounced on the Haiti side of the channel
so the two halves of the channel were calculated separately., Since ths
bathythermograph data only went to 900 feet we assumed a level surface st

250 meters,
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VWhen the flow is calculated in the above mannsr it is seen to be largely

in ths eastern half of the chamnel, i.e.,

eastern half L.l x 106 cu meters/sec
western half S x 106 eu meters/sec
entire channel 4.6 x 16° cu meters/sec

Ths thrse ¢tz cne df namis computeticone and the
drogue measurement is a large one, particularly in view of the fact that
the transport as computed for the drogues was so large., We have, however,
nc reason to suspect that the drogue measurements are too high. It may be
that even in spite of the GEK observations that the 35/55 ratio of the flow
measured near Navassa Island is toc large to use as an average for the
140 kilometer width. N

We arrived in the area at about 0600 and left at about 1700 having
noted a strong southerly set from the drift of the ship throughout the entire
period with no apparent tide component. The drogue measurement, however,
extended over a period of only six hours so that it is possible but not
probable that the 0,35 knot current at 500 meters might have had an appreciable
tidal component. Even if we allow for a 0.35 imot tidal current which would
bring the level of no motion up to 300 meters the total transport would only |

have been reduced to about half or 10 x 106 cu meters/sec.

Transport Computations between Jamaica and Cvba. March 25

The drogue data shows 70 cm/sec ai the surface, 28 cm/sec at 200 weters
and 17 cm/sec at 750 meters. The drogue meazurements were made by sighting
on mountains on the Cuban coast. We considered the welocity of the 5 meter
drogue to be surface velocity. In order to correct for the 200 meter and

750 meter drogues Eq. (3) is used. The wire used has a cross sectional area

«
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of about 1 sq. ft. rer 100 metere. If we use the surface current teo comput@
the drag on the upper 100 meters of wire and t.ﬁe current at 200 meters for
the lower 100 mfers the area of the float becomes about 3 sq. fi{. and of
the two tin drogues 25 sq. ft.

e‘ Ve =Y "(Ys - Va) -:—f = 28 -(70 - 28) .’/ -535 = 41k em/sec

For the parachute at 750 meters Eq. (3) becomes,

l , 2 .
| Ve =17 «(70 -17) o 2% = 10 en/sec
|

H resulting in a vertical distribution as determined from buoys.

5SM 70 cm/sec vowards 080° T

It

11

- 200 M 1l cm/sec " 075° T
i 750 M 10 /s " 100° T
|

This data is plotted in figure 10 and from it a calculation was made in

T e ———— -

the same manner as befors of the transport through a unit kilometer of

Ahanna
CllnldiS -

To-250 = .30 x 250 x 1000 = ,075 x 10° cubiec mters/sec/kﬁx

o

T - = 31 x 600 x 1000 = 08 x 105 cubic meters/see/km

To.7ga = (.075 + .05) x 106 = .125 x 10° cubic meters/sec/im

*

It is signifirent *::o nota that the GEK observations 35 and 36 taken
just before and after.the buoy station showed a Resn value of 53 cm/see
- as compared to a value of 70 cm/sec given by the five meter drogue, The
components of GEK observations at right angles to the 1’}0 km 1line

PQ (Fig. 2 and Fig, 9) gave an average value of 24 cm/sec or slightly

T PR P e MR T

over L0% of the GEK values taken at the time and place of the buoy measure-

b l h, Inenta
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Following the same reasoning as that made in the Navassa Island

calculation we compute the tr-nenort across line PQ to be

TO-:?SO - o,-‘o X 0125 X 106 X 170 - B x 1(36 cubic mtere/sec

Current Structure, April 1-12

Figure 1l shcwe the GEK ohservations mide between 1 and 12 Anril. As
is readily evident, the strong eastward flow was almost stopped. This is
confirmed by the fact that the isotherms are almost horizontal between
Jamaica and Cuba 7 and § April, (Fig. 15).

The only temperature-salinity section of the cruiss was made cn this
leg, and is shown in figure 16. The calculated volume transport abowe the
2000 meter level was 2.3 x 100 cubic meters per second to the east. This
section compares roughly with that of Parr's, made in 193k, (Fig. 17).

The question of why, and how this flow suddenly stopped, is as puzzling

as what started it in the first place. Another sea anchor station on 2 April,

the position of which is shown in figure 1l, was taken at Station C. The
rurfase curment hoth her QK and surface drogue. shows less than a half knot

to the southeast; although the agreement is only fair., Thoe sea anchor shows

3

het ot 2 denth of 25 meters the velocity has increased to nearly a kmot
and is flowing almost due east, It might be inferred from this that the
change in direction started at the surface and was working down.

~ Furthermore, on thc basis of the GEK data it would appear that the
original strong eastward flow was still maintained close to the Cuban Coast,
and that the water 5till turned southwerd south of Guantanamo Bay and flowed
out between Haiti and Jamaica., Whether this means that the change in flow
spread outward from the Jamalca coast and had not yet rsachsd the Cuban

Coast by 8 April, or whether this strong eastward flow close to thc Cuban

Ccast is part of the general circulation is not known.

.
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Sea anchor observations were made at each hydrograrhic station. With
the "exception of station 5071 there wss no measurable change in current
with depth at any station., Because of problems encountered with this method
of measurement. "no measurable change™ can be taken to mesan no changes
greatsr than 0.2 knots,

A parachuts subsurface drag measurezent was made close to the Cuban
Coast at s duopth of 200 meters on the morming of 8 April from which a
calculated velocity of 10 cm/sec in the direction of 309° T was obtained.

It appears therefor that the eastward flow along the Cuban Coast st this
time was shallow.

QEK measurements mads during this period show occasicnal stirong currents
whose direction is zlmost random. Perhaps what was hsppening during this
veriod was that the strong, rather large scale, unud relatively coharent flow
observed during the first half of the cru;se had broken down into an eddy

system whose dimensions were toc small to be well defined and described by
the techniques used.

Transient Nature of Currents

o= AN

It ®a& bcileved that local fisherman might be able to contribute con-
siderably to our knowledge of conditions aleng the coast, so about ten
fisherman along the north shore of Jamaica, and at Santiago de Cuba were
esked about the surface currents as they found them., The consensus was that
the currents could run either way, and it was not possible to prediet which
way they might be rumning even a day in advance., Howeover, the current might
rmn in one direction for as much as fifteen days. None of them knew of any
correlation with either the wind or the moor,

It should be stated, however; that th.re is no deep water fishing in

the area studied;™and that the currents alluded to were strictly coasial.

o
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... was general agresusnt that if there s an appistiatie current in this area

these fishermen would know of it, if aniy as:loctel lore based on the experi-
ence of_ past and present generatiomnsa.

Various operesting personnel at NOB, Guantenamo, confirmed the variability
of currents in these areas, Even the Navy information, however, was largely
confined to the coastal areas mear CGuantanamc Bay., Information from the coast

pilot tends to demonstrate the variability of the currents in this area,

Pertinent extrac: 3 from.the Hydrographic, Ccast Piict

of West Indies, Vol. T. are:

6-2 Navassa Island - off Lulu Bay on the KW cormer
of the Island a currént_; sets aleng the shore in
a NW direction with a velocity of 1 to 2 knots,
changing its dirsction 4o west at the last of
the ebb. (Note that during the first half of
our cruise the surface currents 'were 1 to 2 knots
towards tite SB.j

6-4 Morant Cays - The currents encountered by vessels
in the viclnlily of Morant Cays vary greatly both
in set and rate; the rate is sometimes as great
as 3 knote, The current varies gn greatly as to
preclude the possibility of giving any exact
information regarding it.

6-6 Jamaica - Vessels approaching from the NE passage
should make Navassa Islend and then s2t cocurse te
weather Morant “oint, bearing in mind the fact{ that
ths current often sets strongly to the westward.

Navassa Island Chert HO 1487 notes: "The current generally

gets to the northwest. The wind seldom blows from the westward.®

-
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Drift Bottles

An essential part of the current program was the dropping of 360 drift
bottles, While the information cbiainsd by drift bottles is of considerably

iiiferenv character than that obtained by instantaneous current measure-

o S

4 ments they can be very vseful for showing long term trends of the surface

- ——d
1 AVCL 6

. s Sl AL . 5 A A
»

Figure 18 shows the stations whers drift bottles were thrown over,

i - Six bottles were dropped at each station. The heavy lines indicate the:

probable mean path taken by the bottles which were recovered, The time in
! dpys from launching to retrieving is given. There is of course no reason
to believe that the bottle drifted for the entire length of time indicated,
since this includes whatever time it spent on the beach before being
i retrieved. The recovery of 18 out of 360 bottles is considered very high

- in view of the relatively uninhabited coasts along which the drops were

I made,

It i= usually difficult to draw many conclusions from a small number

of drift bottle returns and this experiment was no exception, The fact

j that 4% were found would lead one to think that a fair percentage of them

R
a— o ———
TN

went ashore in local waters. Only bottle #22 moved to the eastward. Most
1 of them moved to the southwest,

While 8 bottles were found on the south coast of jamaica, it is |
questionable whether this is due to a concezntiration of bottles or due

to having more people along the beaches who coulid see the hottlas,

The bottle from station 28 averaged 6 miles a day on its way to the

Florida Keys., From previous drift bottle work it seems likely that | !

additional bottlics will be found along the Gulf Coast.
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Discussion

In oceanography prior to the last decade observations were usually made
at widely spaced intervals, partly to speed up the large scale survey
problem, and partly becsuee cgeanic currcniz were thomght to be fz2irly
wide, slow and steady. Conclusions by Parr {i53%), as shown in figure _1§
ars iypical of these. De'r‘j!_ng tha pagt decade thare has heen an in
in the detailed investigations of smaller and more rapid phencmena, These
investigations havs usualiy ghown that .cumnts are faster, streakier, and
less stable.than had been éuspected.

The measuring program just conducted has certainrly shown that a more

detailed survey produced a more complicatad picture. This in itself was

‘not surprising, However, the fact that such larges non-tidal trazsient

currents existed came as a complete surprise, The one inescapabia factor
in any discussion of this current picture is that we were dealing with =
non-tidal transport of water that may be.comparable in magnitude to the
Florida current, |

Becanse so =trong a flow continued for a wesk or more it does not
seem possible that the driving forces could have originated within the
Eastern Cayman Sea. It is therefére assumed that we have to go cutside
of the Eastern Cayman Sea to find an explanation. It may be that the
real origin of the transients must be traced to conditions in the open
sea to the east of the lesser Antilles. However, the Caribbean itself,

seems large enough to have a locally generated current system which could

produce the observed phenomena.
Wind Stress in the Caribbean: In order to arrive at average valmes of wind
and wind stress over the Caribbean, the sea level atmospheric pressurs -

difference between San Juan and Trinidad, and Cusntanamo Bay and Panamsa
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(see Fig. 1) were averaged and plotted for the months of Jamary, February,
#arch and April, These average differences are shown in figure 20 along
with an average sea level wind speed which is coaputed as 80% of the zonal
geostrophic wind, In The Oceans, (Sverdrup et al, 1946) figures on wind
stress for a rough surface give a wind stress in gu/cm/a&;ec2 of about

.028 V2 meters/sec or .007 V2 knots. In tabular form this iss

Table ITI
Wind Speed Wind Stress T
knots gn/cm/sec? gn cm/sec
8 U5 hxigzo
16 1.8 16
20 2.8 2l
2 L.l 35

The third colwnn is the momentum transfer per day over the 1()6 £q. km,
of the esstern half of the Caribbean. It can be seen that the daily momentum
transfer over half of the Caribbean is large compared to the measured flow
of ,2x 10%° gm cm/sec which passed between Jamaica ahd Cuba eack day. We
‘concur with Parr and Dietrich that the trade winds pile ap water in the
western Caribbean due to the constriction of the Yucatan Channel. It is
assumed that this is effective in deflecting at least part of the wind
driven equatorial current to form the large eddies south of wastern Cuba
which they describs. We propose that whether the eddy encircles Jamaica
or not might be very dependent upon the strength of the equatorial current
or upon any large north-south fluctuations in the position of the Equatorial
Current.

Tnertia Currents The average wind for the first two weeks of March was about
1} knots as compared to 8 knots for the iatter part of March and first half

of April, (Fig. 20). This means (Table 1II) that about 8 x 1020 gm ou/ssc
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more momentum ﬁa transferred to the water daily during the first half of
March than dmring the next month, An estimate of the amount of momentum
in the counter current that passed between Cuba and Jsmaica each day is
0.2 x 1020 gu cm/sec, only a fraction of the difference in momentum trans-
ferred to the water b‘: the inereassd trade windg, ¢ -

I? the counter cu;mut is caused by an increase in the equatorial
current it is expected that such a counter current would not begim to
flow until a few days after the wind picked uwp, nor wounld it be expects
to stop s moment the trade winds slacked ofi. A rough caiculation shows
that a reasonable excursion time for e water particie travelling in the
Equatorial Current south of Jamaice, around the western tip of Jamaics,
and then returning via the observed Cayman Counter Current to the north
elide of Jamsica could hardly b= l=cc than seven days and might easily be:
wirty., However, it is questionable wvhether there could be a true lag of
two weeks betwesn the slackening of the wind and the stczping of the
current,

Venturl Actions Anotier mcnam.sm wnich migat also alter the _eumnt.
flowing between Cgba and Jamajica is associated with the north-souwh
position of the Equntorial Current. Its average position according to
Dietrich is about 100 - 150 miles south of Jamaica, Experience of the
past ten yeare has shown that the NS position of the Gulf Stre:m may
vary by S0 miles, and it seems reasmable to expect the Equatorial Current
to shift also.

If it should move its main axis up close to the coast of Jamaica
and Haiti then it might easily produce a venturi ascticn with the low pressure

end at Navassa psaaage and the high pressure 'end"'nt Cape Cruys, Cuba.
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Whether one called this & venturi, an +ddy or 2 counter current may be
debateabis but it would seem that such an action could produce a steady
state counter current in the Cayman Sea as long as the Equatcrial Current
remained near the Haitian and Jamaicen coast,

In order to be very effective in producing a venturl effect the
Equatorial Currant would probably need to be more sharply defined than
we have presumed it to be on the bacis of pasi measuremenis and thinking.
This 18 not too ancveasonable in view of ths fact that eariier hydro-
graphic work in the Caribbesn area did not approach ‘the detail with which
the Gulf Stream had veen studied, |
Ralesss s Static Hsad: In ssarching for other possible mechenisme g

calculation was made to see if the current from the west could have been

_produced by the slackening of the east wind and subsequent back flow of

water which had been previously piled up in the wsstern Cayman Sea, While
the strong winds of early March m .t have plled considerable water into

the western Caribbean; rather gismle commutatione show that this conld

have accounted for even a fraction of the total easterly water flow
meesured, For exsmple: 1if one assumes the water was piled up 1 meter
deep over 600,000 8q. lm. of tiw western Caribbean, and then ran off at
the rate of 10 x 106 cubic meters/sec., it wonld have run off in 24 hours
o7 less, It would thus appear that the western Caribbean couldn't
possibly have held enough water to provide the dbserved flow for five to

ten days.
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In conelnding this discussion there are several poiutz that should be

mades

(a)

“(b)

(c)

While there is probably plenty of potential driving force
in any of the above explanations thers is no reasor %o
suppose that it is the operatica of only one of thex
wiiich entirely governs the current system in this part

of the Caribbean,

The fact Jamaica and Haiti serve to channel the flow may
mean that tﬁ'e velocities observed in thiz area are greater
than they w(;uld otherwise bhe.

The Ceymsn Countar Cnrrent ia probably not a rare
phenomena, but it is difficult tc guess whether it occurs

many times a year.
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PART IIT

MISCELLANEOUS OBSERVATIORS

Ccnsiderable time on the trip-was spent making other oceanographic

observations, For convenience these gre lumped #n s miscellsneocus

A SN AN LS
[

& categosy. 4.
| -_;}
Bat t {

Preparations for this trip included a study of available cnarts cof the

area for selection of variocus underwater landmarks for navigaiion purposes

o i LA S L b

and for selasction of areas for drif't studies. Continuous fathograms were

P iy IR L Tl St L 1 - el ik Bl sl e bro Nl S

taken in the area and have been forvarded to the RBydwngraphic 0ffice. A

pPlot of the data is shown in figure 21,

1. T 300 fathom shoal reported to be in the vicinity of !

= 19°-18" N, 75°-53' ¥, was not found. The minimum depth found from several

crossings was 1210 fathoms., It is quite possible that the ship could have

missed a sharp pesak,

2, The 900 fathom shoal reporved To be in the vicinity of

19%-1)' ¥, 75°-07' W, yielded a minimm depti of 1260 fathoms on thrae
crossings., Here again we could have missed a sharp peak,

5111 depths for this arsa are given in figures 22 and 23. These depthe

were taken from Hydrograsphic Office charts,

Diffusion _ . 1
At 2200 on 1 April a group of ten surface drogues was released, The

drogues were =t five mesters depth and were similar to those described in

Part I. They were released one at a time while the ship drifted. The

average initial distance between the drogues was 20 yards., At dawn the 3
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next morning five drogues were found, grouped in an area of about 200 yards 2
square, None of the other five were to be found, aithough a thorough search
|

18 Jiecias

of the area was made, It is assumed that they sank. During the day a plot

was kept of the relative position of the buoys, At about 1100 one of the
resainine £ive buoys sank.

~ Possibly the most important point to make about this experiment, o‘l';her

—_— i‘-:'l'h’-l‘-ﬁ & ik il

than the high attrition rate, is the following: The drogues were tracked for

twenty hours. During that time they drifted 20,000 yards in a direction 030° T,

The wird was 070° T, Force 3-L. At the end of twenty hours all Luoys wers in

N o YTV e s A b 8

a reciangular area 1000 yards wide (across current), and 4OO yards long {along

the mean current).

It wss noticed that the rate of separation of the buoys seemed to increase 1

as the distance hetween buoys increased. Richardson and Stommel (1948) showed i'

that when the distance Letws=sn Dariicles was oir Lhe order of

H

on mwe
the mean rate of horizontal dispersion was proportional to / 3, where /J is

the Aiztance between two particles. 1

e Tealized thiv the smmbaw af Zdrxotues aras fon imeall, end tha methnd
of observing distance between buoys was too crude and spasmodic to meke any
such statistical anal&sis verylsignificant. However, to our knowledge, no
tests have ever been made of this next scale, where the distance between
particles is more than a hundred meters, -For this reason an attem_pt was made

to analyze the data in a marmer similar to that described by Richardson and

Stonmel.,

The only conclusion that can be drawn is that there is nothing in the B
experiment conducted which would lead one tov believe that the "four thirds
law® does not hold for this scale of turbulence. Tie results are shown in '

Table IV. It can be seen that the rate of diffusion acpears tc be mcre on |
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the order of "five thirds®", but this discrepancy can be accounted for (if
indeed it has to bse) by the fact that random errors in measurement tend to

make the rate of dissipation appear greater than it really is.

Table IV

L - xu

y x 7
meters
160 1.47 .
250 1.48 a4
475 1,62 4
= §
Biological Observations#
A1l of the biological observations on the present cruise were made ‘3
i
incidentally to the program of current studies and su unfortumate resuls of ‘
the large amount of stesaming was that little times was available for fishing ,;
at depth. i |
The general impression received of the Eastern Cayman Ses was one or
comparative barreness. Hours passed in this area during which no living 7'
things other than plankton organisms and fellow shipmates were seen. Sighting i
a bird became an occasion, Whales were seen only once. Surface trolling by
techniques proven effective on recent ATLANTIS cruises yielded no fish ju
this area. : 1

~ The most conspicuous inhabitant of this area is the white-tipped shark,

Carcharhims longimanus. Genersally, with the vessel hove tc, cme or more

sharks could be attracted be means of large baits. During the cours: cf one

# This section is contributed by Dr. R. H. Backus.
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day, (18 March), spent in the Windward Passage, six or seven sharks wers con-
tinuously arcund the vessel, yet throughout the day of 25 March, (hove to
10 - 15 miles off the coast of Cuba weet of Santisgo), none was seen. Fifteen
white-tipped sharks from 5 - 8 feet in total length were hauled aboard the
ATLANTIS for sxamination., OF thasa, fourtsen were males. Bigelow and
Schroeder (1948) reported the capture of a female in May off the Cuba coast
vhich contained smbryos ready for birth. This suggests that the spring
months are the season of reproduction. It is possible that at this time the
farales seek some special habitai which mskes them unavailable tc surface
hoo< and line fishing in the opsn sea, thus explainine the disproportionate
sex ratio, The single female caught on the prasent cruise contained egge
of various sizes, (the largest about 1% inches in diameter) but no embryos.
Although this species is generally thought to be more or less strictly
pelagic oie was wuserved in the outer part of the harbor of Guantesnamo Bay,
and several more were caught in the immediate offing.
In addition to the specimens of C. longimanus taken abosrd, four juvenile

’ . = ;- e L. S S BN IS ) e memcnr amemdheooan D - abdblace m—maalos o
SPOCLMOND Ol LEILANIULUUD LlBLICLLUIMLE #WULL Lap vusoue o ouhase e vpire) e

sharke were observed throughout the cruise, The conditions of the genads,
stomach contents, and certain anatcmical details were observed in all sharks
caught,

Occasionally groups of from four to six dolphin (Coryphaens hippurus)

were seen in company with white-tipped sharks. Generally, several piliot-

£ish {Namcrates ductcr) were pressni on these occasions. Frequently Remora

remora and occasionully Remora albescens, shark-suckérs, were attached to
the white-tipped sharks.
Now and then, solitary fishes were seen at the surface when sea states

were low enough to afford good visibility., These were generally asccsiated

i a— e wwm—  o—-
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with Sargassum weed which was not abundant in this area. On ome oec:sioln in
coimection with ths current studies, a p‘ilot balloon, inflated to a dismeter
of about 4 feet, was released at the sea surface with a drogue attached. The
balloon was returned to sfter an absence of an hour or two. Iz ths interim, two
fish had taken "shelter" under the balloon. It is mmgpgested that such »
balloon with appropriate fishing gear attached might be an excsilent way to
ccllect solitary pelagic fish, many of which ars atirscted t5 floating objects.

Flying fishes were uncommon in this area zave in the coastal waters off
castern Jamaica where tlsy were abundant.,

Man-o'«war birds and yellow-billed tropic birds were seen from time to

time throughout the area. In the Windward Passage on 18 March, several

unidentified shearwaters (probably greater shearwaters) were ssen. On

31 March while hove to just off Navassa Island, many boobies (Sula spp.)
were cbserved, but none were seen tc fish,
The only whales sighted were a group of about six, probably blackfish

(Globicephala macrorhyncha), seen in the Windward Passage on 1§ March.

Several snor: vertical piankton hauls were made wWith a meter stiramin
net duwring hours both of light and darkness. Plankton organisms seemsd
abundant enough to warrant more in the way of animals higher in the food

chain, Medusae. arrow-worms, and copepods were dominant in these hauls,

Bathzthemog;n,ph Sections

Bathythermograph cbservations were made every hour or hour and a half
whenever the ship was underway, 1Iv had bpeen hoped that an internal wave
vtation could be set up during one of the deep buoy stations, but the buoys
separated too qQuickly from each other to allow the ship to remain stationary
for any extended pericd of tine, Tpe 900 foot instruments were used throvgh-

out, and additional sections are chown in figures 24 and 25,

0 RN Ak M .« SRRSO b D o s N um&*mw“mm:umu e

b ot caninsy B i

? .

s

'
v
— - ———— - -




s e A

J T

STt S R AN TY Tre C =  A y

e e R T — 5 SRR
”

eduvsong pIeapuiy ‘eTTJoid Id
2 “314

- 006
°m®‘.,
"~ P 008
unll‘l’f, \\ \hlo/ //

PRI R l’!l....l.-i. 7”7 s N\ ~
N . —— l\l\.l.’.l'......l.'.lllul.loon_

./ T ettt Ry

“~ — - b g =2 —

.!....l..lll..l....ll tlllllltlmnvhllﬂ’rlll s Q)

... .. T
- — T g ”

= ......” ”HHI-H. 5 hl-l-.lll !nl..l.lllll..t\.h‘.\l-\ 004 e

ll...”.’_....l.llllllllulll, \\‘.Il.ll e -lh_"lf .

s Y -l - e s—r .
ll/,fl..lll'af.ll famh\l\‘lf / ._
|..Il|. ‘.-_.lllv ——= .I-'.la”l.”\\l“".l//ll, oo_m

. l.l-_..lll \ -

o \\ N 00d
-ll_l"l_lL l.—l’!}. Lot I’t/llll'
—~— ll.....l....l ll.. \ ‘ - N ..l.._.l-....l..-
L 8 ....ll.\ \ /.F
~<—=] 00!
< { =
N\ /
: ' N Ll el 0
5 06 ov  0¢ 032 T
= = ® © ® ® ® N oo AN
- a & o N = o o 13 3ns




e e e S Tt W
R -

O R D, A i I
— I G S A N e A R s o~ Wt e e WP W S e e e 4 g
\

o e - - o
A -t —— . —— -

£Leg easuop ‘erfioad Id

Se *3Td
- 006
| b
mw j 7T - s (o e g
l“_llll-ll-. lll_.._._l _nll = — . w
o — = S—— — . .l...-.T P gty kel o - g e o =
7 — [~ B llffw Ae—"1T= e g ™ — oL
\\ — _l-'".lv ‘-‘-II- / \\ vo— — t— — T ——
— — - - pe—— ~ __\ - . * S——
\-‘ - !I u\\..‘.‘.‘-’l P o ek, b \\.\ '? Q
s — e 1.z SO L) - ooc M
\ . ‘ -s i A , n‘:" = d
L » m

-
P4 o ._...._.rnl._l -
i E: VIV‘ —re —
£ — > bd |t = -+
fﬂ e / ..!._.l.lll-.lll‘ - _—_ | P P lll\! - |—
- Lo - gu— - l..llll.lJ.lIl....' s -
— o, “~ /. e = 1 ‘\‘I‘l. t"-ll.lllllll'l-
= = - —— ' i s ——————— 00g
- —— g, o - - ——
.........J.....l ==~ e oy, \\ 'd
—— - il
o - —— N o L Ill“..l.lll-l.lll_l \.\\.lll._l.....l.. o g \\ \\\ ~
2 ol whatl | BN 1. Sl b —d 002
L ol g g w— e, \ —— el — r—
R — — A — - \\ S -— - — ~ \
—— [ - ‘,"l“ \‘
00l
0

02l Ol 00l 06 08 0L 09 0§ Ov o¢ 02 TEEALD
| LOVYN

© @ © ) © © © © » a o o H8N
~ o O rY O~ - 9 D o < z ® 30s




M e

5 lowered wWilli the botiom bottle at sach of the hydro-

A 13,000 foot BT wa

graphic stations.

Pigure 26 shows s 4ycical temperature versus depth trace, and the

corresponding s>und velocity versus depth curve. !

Electrical Potential Msasurements

While in Kingston we checked with the cabie company to see if there was

a submarine cable between Jamaica snd Cuba which could be used to measure

potentials set.up between the two points by east-west motion of the water

ettt s o o S
Y

betwssen, Officials at the cable company were most coopsrative in explaining

their installation and it appeared technically feasible to make measurements
between Kingston and Santiago, Cuba. Proper recording aquipment was not i !
available s0 company authorities who might have been able to advocate tims = i
for this purpose were not contactsd, It does however. hold great poasibilities

for future current studies in this area.

Conclusions and Recommendations

he conclusions and recommendations fall in two groups, those having to

do with the experimental pincedure, and those having to do with the area studies.

The use of floats, drogues and anchored buoys for measuring currents was
extremely interesting and they are stronzly recommended for direct measure-
ments, The use of 2k foot parachutes makes it possible ‘o reduce errors to a
quite acceptabla mzm., Tt is felt that the use of suitable radar reflectors
on either the floais or the anchsmed buoys would have made the measurements
considerably easier to obtain,

Tne mest imporiasnt finding was ths unexpectsdly larze 'eastorly water trans-
port whick exhibits Lime constanis of at least several days and which reverses

direction without a reverszl cf wind, Jt is believed that the generating 3

F8 P
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Typical Temperature Depth Trace and Sound Velocity versus Depth
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forces must have originsted oul.ids the Cayman Sea proper and that a full
explanation depends upon an understanding of the entire circulation system
of the Caribbesn. Werihsim {1553) has recently shown the varistion that
can be sxpectsd in ths Tlorida cﬁrmnt. The possibls interrelationships
between the perturbations in the current stiuctures in the Caribbean,

Ovll of Mexico, and Straits of Florids offsrs a fascinating field of future
study. One reason is that this is a scale of problem (the geometric mean
betwean an estuary and the open ocean) which has not basn adequately studied.
A second reascn is that it seems to the authors that this interrelationship
135 an important and essential ‘iink in the understanding of the Equatorial
Current - Gulf Stream system. Several differemt typas of observations would
be useful,

It would seem advisable not only to continue monitoring the electric
potential across the Straits of Florida, but also to set up similar
observations between Cuba and the Yucatan Peninsula, and Cuba and Jamaica.
Thess coupled with tide gage and wimd data should certainly show the best
time to conduct such lesis and might in themselve:s reveal the driving forces,
It is also probable that an ocsanographer cculd spend sevsral months st the

Guantanamo Bay Navy Base and carry out a wary fruitful investigation of

currents in the area by riding ships and dissuaring the nrob

am width
2ne em e

navigators of chips in the area., It is also quitn possible that the ships
st aircraft in the area could periodically onserve the behavior and location

of savera) buoys anchored with an extra mile or two of scope.

I% would seem liksly that individual efforts in the above experiments

during the next few years would open the problem up enough to chow how
a combined operation such as OPERATION CASOT could efficiently explore

many details of the current system simultansously. Such an expedition
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shonld study the fiow of water in the Caribbsan, Gulf of Mexico and the

Florida Straits, It weuld seem highly desirable to have Texas A & M, the

Tniversity of Mismi, Wocds Hole Oceanogrsphic Institution, and the

U. S. Kavy Hydrographic Office cooperate in such a venture.
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